Background: Many clinical practice guidelines encourage diagnosis and empiric treatment of lower urinary tract infection without laboratory investigation; however, urine culture testing remains one of the largest volume tests in the clinical microbiology laboratory. In this study, we sought to determine if there were specific patient groups to which increased testing was directed. To do so, we combined laboratory data on testing rates with Census Canada sociodemographic data. Methods: Urine culture testing data was obtained from the Calgary Laboratory Services information system for 2011. We examined all census dissemination areas within the city of Calgary and, for each area, testing rates were determined for age and gender cohorts. We then compared these testing rates to sociodemographic factors obtained from Census Canada and used Poisson regression and generalized estimating equations to test associations between testing rates and sociodemographic variables. Results: Per capita urine culture testing is increasing in Calgary. For 2011, 100,901 individuals (9.2% of all people) received urine cultures and were included in this analysis. The majority of cultures were received from the community (67.9%). Substantial differences in rate of testing were observed across the city. Most notably, urine culture testing was drastically lower in areas of high (≥ $100000) household income (RR = 0.07, p < 0.0001) and higher employment rate (RR = 0.36, p < 0.0001). Aboriginal -First Nations status (RR = 0.29, p = 0.0008) and Chinese visible minority (RR = 0.67, p = 0.0005) were also associated with decreased testing. Recent immigration and visible minority status of South Asian, Filipino or Black were not significant predictors of urine culture testing. Females were more likely to be tested than males (RR = 2.58, p < 0.0001) and individuals aged 15-39 were the most likely to be tested (RR = 1.69, p < 0.0001).
Background
Lower urinary tract infection (LUTI, cystitis) can be reliably diagnosed without laboratory investigation based on a focused history of urinary symptoms (frequency, urgency and dysuria) in the absence of urethral discharge or vaginal irritation. Adult women with symptomatic, uncomplicated LUTI should receive short-course empiric antibiotic therapy and do not require urinalysis or urine culture for diagnostic confirmation of bacteriuria or pyuria. Numerous clinical practice guidelines support this and encourage the use of urine culture testing in the adult population primarily for bacterial identification and antibiotic sensitivity testing in patients not responding to therapy or with recurrent disease [1] [2] [3] [4] . However, urine culture testing is necessary in all cases of upper urinary tract infection (pyelonephritis) and screening cultures for asymptomatic bacteriuria is also indicated in pregnancy and for those undergoing urologic procedure where bleeding is anticipated [5] .
These recommendations are largely based on the following important considerations. Bacteriuria is not itself a disease state and is typically not an indication for antibiotic therapy [5] . Asymptomatic bacteriuria is particularly common in the elderly population, with prevalence estimates of 3.6-19% in those aged 70 or over and living in the community [5, 6] . In nursing home residents, prevalence is estimated at up to 50%. It is not associated with increased morbidity or mortality [7] . Guidelines from the Infectious Disease Society of America (IDSA) and Choosing Wisely initiatives emphasize that even in the presence of pyuria, asymptomatic bacteriuria does not normally require treatment [5, 8] . The clinical significance of bacteriuria is therefore defined by patient signs and symptoms. Furthermore, the majority of urine specimens submitted for culture are the midstream portion of voided urine and culture results from these minimally-invasive collections have poor specificity, with a false positive rate of over 40% when compared to suprapubic needle aspiration or catheterization as gold standard [3, 9] . A positive urine culture therefore does not prove true bacteriuria, and certainly does not prove the presence of a urinary tract infection. Several strategies have been adopted by clinical microbiology laboratories to minimize reporting of contaminated specimens. The most common method is reporting of quantitative culture, for which there are established thresholds of bacterial quantity which define clinical significance [3, 5, 10] . However, in symptomatic patients, colony count thresholds likely underestimate the clinical significance of certain potential urinary pathogens while overestimating others [11] . For example, Escherichia coli can be associated with symptomatic disease even when isolated at quantities that are orders of magnitude below these thresholds. These combined factors minimize the value of urine culture results in both asymptomatic and symptomatic individuals.
Despite these problems, urine culture remains an important test that directs antibiotic therapy and further investigations in certain clinical settings. However, there is substantial practice variation in the use of diagnostic tests in LUTI and urine culture remains one of the highest volume tests in clinical microbiology laboratories [12] . Inappropriate testing is not without consequence as positive urine culture results likely drive unnecessary antibiotic treatment and contribute to rising rates of antibiotic resistance and other adverse events associated with antibiotic usage including Clostridium difficile infection [13] [14] [15] [16] [17] [18] . We undertook the current ecological study to determine what variation in urine cultures testing existed across Calgary, Alberta and to determine what sociodemographic factors were associated with increased urine culture testing. Such information will allow targeted investigation into causes of potential over-utilization and more focused intervention strategies.
Methods
The study protocol was approved by the University of Calgary Conjoint Health Review Ethics Board and a waiver of consent was granted (ID#REB15-0629).
This observational study combined laboratory data with variables obtained from the 2011 Census Canada Canadian Household Survey, the most recent such survey at the time this study was completed. The study population consisted of all individuals within Calgary, Alberta who underwent urine culture testing between January 1, 2011 and December 31, 2011. All urine culture testing at Calgary Laboratory Services (CLS) is performed as part of routine patient care and samples are analyzed in a single laboratory. CLS is the only testing laboratory in Calgary, Alberta and data from the CLS laboratory information system (LIS) therefore represents a comprehensive view of urine culture testing in the entire city (2011 population 1.1 million). In addition to data for the 2011 year, the number of monthly urine cultures collected from the LIS for each month from January 2010 to December 2013 in order to measure trends in urine culture ordering.
Each patient was included only once in the analysis to avoid pseudo-replication. For each test record, the following information was extracted from the laboratory information system: urine culture result, age, sex and health care number. Health care number was used as a linking variable to determine subject postal codes from an Alberta Health database, which were then converted to their corresponding geographic coordinates and census dissemination areas (CDA). CDAs are the smallest geographic groupings used for Canadian census data and contain 300-700 individuals. The data was then permanently de-identified. We included only individuals living within the City of Calgary.
For each CDA, the following sociodemographic variables were linked from the Canadian Household Survey: median household income ≥ $CDN 100,000 (overall median household income in Calgary for 2011 was $93,410), level of education (percent with university education), percent of individuals of Aboriginal -First Nations descent (North American Indian, as defined by Statistics Canada [19] ), percent of individuals immigrating to Canada within the past 5 years and percent of individuals of Chinese, South Asian (primarily Indian, Pakistani and Sri Lankan), Filipino or Black visible minority status (the four most common statuses in Calgary, as defined by Statistics Canada [20] ). We then examined these data-sets for associations between these sociodemographic variables and urine culture testing rate.
For per capita testing rate ( Fig. 1) , the total number of urine culture tests for each year was divided by the total Calgary population as reported by the annual City of Calgary Civic census (http://www.calgary.ca). To calculate the percent of testing within each age and gender group (Table 1) , the total number of individuals within each group who received at least one urine culture was divided by the total population within that group in Calgary according to the 2011 Canadian census. To calculate the testing frequency for the age and gender group in each CDA, the number of individuals that received testing from that group was divided by the total number of that age group in the dissemination area. For visual representation of the data, the values were then plotted onto a dissemination area map for Calgary using the ArcGIS v9.3 geo-mapping software (Environmental System Research Institute, Redlands, California). This software tool uses Getis-Ord Gi * statistic to produce z-scores and identify statistically significant hot (increased testing) and cold (decreased testing) spots depending on how many standard deviations the data is removed from the mean [21] . Statistical inference regarding sociodemographic variables associated with testing rate was performed using the generalized estimating equations version of Poisson regression in SAS v9.4. The reported relative risks refer to the independent contribution of each variable with the other categorical variables (age, gender, group) held constant at an arbitrary reference value. The differences in testing rates are reported as relative risk (RR) for the independent contribution of that variable to the analysis and results were considered statistically significant at a p-value of 0.05.
Results
Increased testing volumes and per capita testing rates have been reported in most laboratory divisions [22] . Urine culture testing, which is the highest volume microbiology test at CLS, has seen a similar rise that exceeds Calgary's population growth (Fig. 1) . Linear regression analysis of this data shows statistically significant increases in test volumes (R 2 = 0.68, P < 0.001) and year over year per capita test rates (R 2 = 0.96, P = 0.002). Data on 225,473 urine culture results were available in our LIS for 2011, which represented 133,464 individuals who underwent urine culture testing. After excluding individuals where no postal code was available and those with postal codes outside the city of Calgary, 100,901 individuals remained and were included in our study. The majority of specimens were received from patients in the community (67.9%) and the emergency department (19.3%), with the remainder from nursing homes (2.3%), inpatients (5.3%) and various outpatient settings including pre-admission clinics and subspecialty clinics (collectively 5.2%). Overall, 9.2% of individuals in the city of Calgary were tested during the study period, including 4.2% of males and 14.2% of females (Table 1) . For males and females, the highest testing rate was in individuals ≥70 years (17.8% and 27.2%, respectively), however the greatest number of specimens were received from females aged 15-39. In part, this increased testing rate is likely accounted for by screening for asymptomatic bacteriuria in pregnancy but such clinical information was not available in our study.
The ArcGIS hot spot analysis mapping illustrates significant differences in screening rates across the city (Fig. 2) . Significantly increased testing is observed in the inner city and northeast quadrants of the city. The median urine culture testing rates among neighbourhoods was 9.1% with 7.5% and 10.9% as the lower and upper quartiles, respectively.
The association between sociodemographic variables and urine culture test rates are shown in Table 2 and many inequities are present. The regression model showed that females were significantly more likely to be tested than males (RR = 2.58, p < 0.0001). As seen in Table 2 , individuals aged 15-39 were the most likely to be tested (RR = 1.69, p < 0.0001), followed by those ≥70 years of age (analysis control, RR = 1.0). Decreased urine culture testing was associated with higher (≥ $100000) household income (RR = 0.07, p < 0.0001) and higher employment rate (RR = 0.36, p < 0.0001). No association between university education and testing was detected. Aboriginal -First Nations individuals (RR = 0.29, p = 0.0008) and individuals of Chinese descent (RR = 0.672, p = 0.0005) were also less likely to be tested. Interestingly, recent immigration (≤ 5 years), South Asian descent, Filipino descent or Black visible minority status were not significant predictors of urine culture testing.
Discussion
Our data reveal a drastically lower rate of urine culture testing with higher household income (≥ $100000) and higher employment rate. In previous studies, we demonstrated that these factors were associated with increased 25-hydroxyvitamin D and prostate specific antigen (PSA) testing and we hypothesized that this was possibly due to greater access to health care and patientrequested testing [23, 24] . The differences in urine culture testing identified in the present study appears contrary to that hypothesis. Why such drastic differences in urine testing rates exist between higher and lower socioeconomic status groups is unclear. One possibility is that the testing differences are warranted and reflect increased rates of LUTI, complicated urinary tract infection or antibiotic resistance in lower income earners. Previous studies have demonstrated a modest association between lower household income and communityacquired urinary tract infections and asymptomatic bacteriuria [25] [26] [27] . Increased incidence of other genitourinary tract infections causing similar symptoms, such as Neisseria gonorrhoeae or Chlamydia trachomatis urethritis/vulvovaginitis, could result in greater urine culture testing as well. In support of this, an earlier study showed a similar association between lower socioeconomic indicators and prevalence of these infections in Calgary [28] .
It is also possible that discrepancies in urine culture ordering are unrelated to genitourinary tract infection, but instead result from differences in the prevalence of diseases with overlapping clinical presentation. Irritative lower urinary tract symptoms (urinary urgency, incontinence and frequency) consistent with overactive bladder syndrome (OAB) and/or benign prostatic hyperplasia (BPH) increase with age and may elicit urine culture testing [29] . Previous studies have demonstrated a relationship between higher income, higher levels of education and employment status and fewer of these symptoms in both women and men [30, 31] . The authors of these studies speculated that the reduced symptoms were the result of regular health check-ups, earlier recognition of symptoms and prior treatment. This could also explain our findings as patients of lower socioeconomic status may have more persistent urinary symptoms and have more urine cultures performed while not receiving appropriate therapy for these noninfectious conditions as a result of less consistent healthcare contact. Further studies are needed to determine whether this is indeed the case, as appropriate intervention would substantially improve patient care while also reducing microbiologic testing.
Concern regarding antibiotic resistant organisms could also drive increased urine culture utilization and clinical guidelines support the use of urine cultures in these instances. Resistant rates vary throughout the world; however, the Study for Monitoring Antimicrobial Resistance Trends (SMART) has established that the highest levels of antimicrobial resistance exist in the Asia-Pacific region where as many as 28.2% of LUTI pathogens possess extended spectrum β-lactamases [32] . South Asian, Chinese and Filipino people are strongly represented in Calgary's visible minority population, and increased urine culture test rates would be expected if there were concerns about antimicrobial resistance. In fact, our data reveal the opposite trend with Chinese ethnicity associated with a statistically significant decrease in testing, and no relationship between test rate and recent immigration, South Asian or Filipino ethnicity. The cause of this decreased testing is unclear, but could represent barriers preventing health care access. Given the risk of resistance, this is a potential cause for concern.
The main strength of this study is the large sample of patients and, because our laboratory performs testing for all of Calgary, the data presented herein represents a complete view of urine culture testing on the adult (>15) population of the city. However, the limitations of this study must be recognized when interpreting these results. Because this study was retrospective and involved a very large number of patients, we were unable to collect clinical information or assess other concurrent laboratory testing (such as urinalysis or testing for sexually transmitted infection). As a result, we cannot ascertain the clinical appropriateness of urine culture testing. However, the variability in test ordering across the city without clear explanation is highly suggestive of inappropriate utilization. Patients with underlying disease may necessitate increased urine culture testing and such patients were certainly included in this study. We attempted to minimize the impact of such patients by counting a single urine culture per individual. As well, as this is an ecological study, inferences are made based on group level variables that may not accurately represent individual level variables. Some of the differences identified may be the result of confounding variables that are not captured in this study. It is also unknown what degree of urine testing is driven by patient or physician characteristics (generalist versus specialist practice, experience, location of training, etc.) and physician variables were not controlled for in the current study. Despite these deficits, we have identified several sociodemographic groups with significantly increased rates of testing and have demonstrated substantial variation in urine culture utilization across Calgary.
Further work will be to expand these studies to investigate for mismatch between urine culture ordering practices and clinical utility. Assessment of urine culture positivity rates and antibiotic resistance rates and how they align with the test utilization rates presented in the current study will provide useful information to direct intervention strategies to improve appropriate urine culture usage.
Conclusions
Despite clinical practice guidelines recommending limited use of urine culture in diagnosing LUTI, we have shown that test rates continue to increase in Calgary and that substantial heterogeneity exists in test utilization across the city. We have also identified several patient groups with greatly increased or decreased test rates that may be indicative of inappropriate test utilization. Future investigations will now be focused on these patient groups to ascertain specific explanations for the potential over-utilization observed herein. 
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